Three decades of rapid economic development in China have not only benefited millions of Chinese by improving their living standards but have also dramatically increased the number of people who are part of the country's aging population. However, economic growth has not been accompanied by sufficient attention given to important public health issues, including an increase in the incidence of chronic diseases and a decline in physical activity (PA) that comes with an aging population. The rapid growth in China's older population will soon exert an impact on the nation's economy, population health status, and health behaviors, and will increase stress on its healthcare system. This review article provides a broad perspective on the impact of rapid economic development, industrialization, and urbanization on health-related behaviors, with a specific focus on PA among older adults. Specifically, the article offers an overview of the demographic context, significant public health challenges, evidence on PA and exercise interventions, and knowledge gaps and future directions for research.
Introduction
China, with the world's largest population estimated at 1.37 billion people, 1 is an emerging global economic power that has undergone unprecedented economic growth over the past 3 decades, with significant expansion in both industrialization and urbanization. The resulting economic prosperity and related developments have increased the length of life and improved the quality of life for millions of people in China, 2 but it has also created numerous public health challenges as the population continues to age. [2] [3] [4] The unintended consequences of economic development, which has brought with it a rise in the cost of living and a widening in urban-rural income and health inequalities, have had a major impact on the quality of the living environment, the development of non-communicable (chronic) diseases, care arrangements for the elderly, and the healthcare, pension, and welfare systems that serve China's population, especially its most vulnerable subpopulations.
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Research on physical activity (PA) and aging has lagged far behind the economic reforms but is critically needed in order to understand the resulting public health ramifications and challenges. With rapid urbanization and sprawl taking place, 5, 8 there have been diminishing opportunities for Chinese citizens to engage in traditional exercise activities, such as walking and bicycling, either for leisure or utilitarian purposes. Three decades of economic growth have resulted in some alarming statistics related to (1) accelerated urbanization due to rural-tourban migration, which rose from 17.92% in 1978 to an estimated 52.57% by 2012, 6 and (2) increased motorization, which saw an increase from 12 vehicles per 1000 people in 2002 to 82 vehicles per 1000 people in 2012. 9 One consequence of these changes is that Chinese citizens now have reduced access to public spaces (e.g., sports areas, parks, and open recreational fields) for sporting or leisure activities. 10, 11 Another consequence is that the Chinese people are experiencing increasingly deteriorating air quality. 12, 13 In fact, about three-eighths of China's population breathes air that would be rated "unhealthy" by the United States' standards, resulting in an estimated 1.6 million deaths each year, or about 4000 people a day. 14 realities may well have created barriers to and impeded the promotion of health and PA among older Chinese adults.
Taking into account these significant and unprecedented physical and demographic changes occurring in China and the resulting challenges the country faces in the coming decades, this article has 2 broad purposes, both of which are aimed at stimulating a discussion about health and research on PA among an aging Chinese population. First, the article provides an overview of the older adult population in China (broadly defined as people aged 60 and older) and challenges to their health, and the status of research from selected observational and experimental studies that focus on PA in older Chinese adults. Second, it seeks to identify knowledge gaps in our understanding of PA and aging and provide recommendations on research aimed at narrowing these gaps. Given the growing interest in understanding the impact of economic reforms on aging populations and its implications for promoting PA and healthy aging in China, the article is limited in its scope to the discussion and presentation of research conducted solely in the mainland of China.
Aging landscape
Over the past 3 decades, China's population has been on a steady rise, from 981 million in 1980 to 1.37 billion in 2015 ( Fig. 1) , 1 a nearly 40% increase. The increase, however, has been even more pronounced for the older segment of its population. At the end of 2015, the number of Chinese adults aged 60 years and older was approximately 205 million, accounting for about 15% of the country's total population. This percentage will continue to grow in the next few decades, 2 and it is projected that by 2050, older adults will account for roughly 33% of China's total population, or an estimated 439 million people. 1 Of the 205 million older adults, more than 22.7 million are currently in China's oldest-old category 1 (aged 80 and older), and by 2050 this number is expected to grow to 87.3 million, representing the world's largest population of the oldest-old.
2 Clearly, as the world transitions to an increasingly aging population, 15 older Chinese adults will represent a majority of this global populace.
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The continuing growth of both the general and aging population in China may have been driven by the changing trajectories in life expectancy, fertility, and mortality. Data extracted from the World Bank 1, 16 indicate that from 1980 to 2015, life expectancy increased for both women and men, with a longer life expectancy for older women (Fig. 2 ). The fertility rate (i.e., the number of children born per woman) has also declined ( Fig. 3) , and the mortality rate (Fig. 4) has remained relatively steady. Thus, the predicted increases in both the number of older adults (including the oldest-old) ( Fig. 1 ) and life expectancy (Fig. 2 ) in China will have wide-ranging practical implications for the country's public health policies and will create ever-increasing demands on its underprepared and overburdened healthcare system. 4, 17, 18 
Public health challenges
The challenges to public health related to the aging population will come primarily from the increasing occurrence of chronic and degenerative diseases, which are the major causes of death and disability in China and worldwide. 2, 4, 7, 19 Epidemiological studies have shown that, among older Chinese adults, there has been an increase in the prevalence of obesity 20 and diabetes, 21 an increase in smoking rates among men, 22 a decline in cognitive health and an increase in dementia, 23 deteriorating physical and mental health, and increased rates in chronic diseases and disabilities, 4, [24] [25] [26] particularly among women and rural residents. 25 Data from 2010 surveys show that about 64.0% of urban and rural older Chinese adults were living with chronic diseases, with a higher percentage occurring among those living in urban areas (72.3%) than in rural areas (57.5%). 18 Estimates in 2012 of mortality from communicable and noncommunicable diseases and injuries 27 indicate that more than 90% of deaths in older Chinese adults were attributable to chronic diseases (Fig. 5 ). Leading causes of deaths included disease conditions such as cardiovascular diseases, diabetes mellitus, chronic obstructive pulmonary diseases, and lung cancer. 4 There is no question that there will be an increased need and demand for elderly care in the future, and health service costs will undoubtedly rise as a result. 4, 18, 24 Continuing industrialization and urbanization, along with increases in motorization, have also brought about rising levels of ambient urban air pollution that will inevitably have a negative impact on health and outdoor PA. 5, [12] [13] [14] The current situation has made it undesirable for many Chinese to engage in sustained outdoor PAs and is not expected to improve over time even with the adoption in 2012 of the Ambient Air Quality Standards. 28 From the perspective of promoting active lifestyles, air pollution creates a significant barrier and health risk in that it discourages community-based and culturally inherited outdoor PAs, such as Tai Ji Quan, walking, jogging, dancing, and bicycling. 12 This situation will result in poor lifestyle characteristics (e.g., reduced PA, increased fat intake) for economically disadvantaged older adults, which will in turn increase their risk for developing chronic diseases.
PA levels have long been studied in the fields of public health and PA epidemiology because they are physiologically and psychologically linked to many chronic diseases and are relevant to public health in terms of healthy aging. [29] [30] [31] [32] In China, there is a long history and tradition of using PA to ward off diseases and promote health. 33, 34 Until recently, epidemiological studies conducted to better understand PA and its relation to health have been both limited and fragmented. The following section provides an overview of PA patterns and the relationship between PA and health outcomes among older Chinese adults. This is followed by a description of some intervention studies that have targeted the effects of chronic diseases common among this population (see also Lü et al. 35 and Zhu et al. 36 for extended reviews in these areas).
PA
To date, only a few epidemiological studies have examined patterns and correlates of PA among older Chinese adults, and these studies have primarily been cross-sectional in design and descriptive in nature. In general, the results have been inconsistent across study regions and residential settings. Furthermore, differences in survey methodologies and measurements make comparisons across studies difficult.
PA patterns
In an early study involving a representative sample of Chinese adults aged 35 to 75 years (n = 14,933), 37 researchers examined the prevalence of overall, work-related, and leisure-time PA using data during 2000-2001 collected from the International Collaborative Study of Cardiovascular Disease in Asia. PA was defined as 30 or more minutes of daily moderate or vigorous activity. The results on overall PA patterns showed a clear decline with increasing age; those who were 65 years and older had the lowest percentage of being physically active (45%). There was also a notable difference in overall PA and work-related PA depending on residential setting. A lower percentage of older adults living in urban areas were physically active (9.8% for overall PA, 1.0% for work-related PA) compared to older adults living in rural areas (52.7% and 42.0%, respectively).
In contrast to the rural-urban difference found in the previously cited study, 37 a cross-sectional survey of PA in Guangdong Province showed an opposite pattern. 38 As part of a large study, it included a total of 407 adults between 65 and 69 years old. It was found that about 83% of the older adults living in urban areas reported engaging in daily moderate-to-vigorous intensity PA (including occupational, transport, and recreational activities) compared to about 61% of the older adults living in rural areas.
Two independent urban studies in Shanghai that involved middle-aged and older adult men 39 27 and women 40 (n = 75,221) in 1997-2000 (aged 40-70 years) reported higher percentages of older adults (aged 65-70 years) participating in sports or exercise activities (63% of men and 56% of women) compared to their 5 younger cohorts (40-44 = 19%, 45-49 = 20%, 50-54 = 26%, 55-59 = 37%, 60-64 = 52% in the men's study; 40-44 = 18%, 45-49 = 26%, 50-54 = 38%, 55-59 = 48%, 60-64 = 53% in the women's study). In the men's study, older males (aged 65-70 years) engaged in more daily activities compared to younger males (aged 40-44 years), whereas in the women's study, older females participated in more transportation-and houseworkrelated activities than did younger women. In an examination of domain-specific PAs, a study conducted between 2004 and 2008 covering 10 geographical areas (inclusive of urban and rural) showed that older adults (60 years and over) were more likely to engage in higher levels of household and recreational activities but in lower levels of occupational activities than their younger counterparts. 41 The findings of high levels of PA in the Guangdong study and the 2 Shanghai studies did not match the findings in other studies and surveys. In a survey conducted in 2010, researchers examined leisure-time PA and physical inactivity in a sample of adults aged 60 years and older (n = 15,193) living in northern China. 42 Regular PA was defined as engaging in activities at a moderate level of intensity at least 30 min/day for at least 3 days/week. The results of the study showed that a large percentage of older adults (85.4%) did not engage in leisure-time PA. Only 12% of older adults reported regularly participating in PA. There was also a difference in the prevalence of PA based on gender and residential settings, with a slightly higher percentage of PA reported by men than women (12.9% vs. 11.2%, respectively) and a much higher percentage reported by those living in urban areas than those in rural areas (23.8% vs. 6.3%, respectively). The findings, along with those reported by Xu et al. 38 related to higher levels of PA in urban areas, contradicts the findings of Muntner et al. 37 Furthermore, this study showed that older adults with higher levels of education and higher family incomes tended to be more physically active than those with lower levels of education and family incomes. 42 Selected data from 2 large-scale national PA surveys, one conducted in 2007 43 and the other in 2014, 44 are presented in Fig. 6 . Each survey targeted various age cohorts (≥19 years old and ≥20 years old, respectively) and used a multistage random stratified cluster sampling strategy involving approximately 80,000 households in the 2007 study and 50,000 households in the 2014 study. The households surveyed were located in 2249 communities in the 2007 study and 1269 communities in the 2014 study across 31 Chinese provinces.
The overall percentage of older Chinese adults (aged 60 years and older) who were physically active (i.e., participated in PA, recreation, and sports) was 25.3% in 2007 and 31.1% in 2014, representing a 5.8% increase in the 7-year span. The percentages of those who reported being physically active in both the 2007 and 2014 surveys were, however, lower than the percentages reported in the previously cited 1997 survey (38.6% for people aged 66-75 years; 30.7% for those aged 76 years and older). 33 The Consistent with an earlier survey study, 42 the data from the 2007 survey showed a higher level of PA reported among urban residents (18.4%) compared to rural residents (3.5%). No urban-rural comparison data were publicly available in the 2014 survey. Also, across the 2 national surveys, 43, 44 common PAs included outdoor walking, gym exercises, traditional Chinese sports, and leisure activities. Walking for fitness was listed as the most popular activity (>90%) in the 60 years and older age cohort. As expected, most of reported activities were done outdoors in locations such as public parks, streets, or community open spaces. In terms of exercise intensity, moderate intensity (i.e., a moderate amount of effort that noticeably accelerates the heart rate) was the most prevalent intensity at which activities were performed. There was no noticeable change in the level of exercise intensity reported by older adults across the time span of the 2 surveys.
PA and health
Although limited in number, epidemiological studies conducted in the Mainland of China yielded results consistent with those from studies conducted in Western countries showing that PA is related to various health outcomes among older Chinese adults. For example, in a cross-sectional survey study of 1015 older adults (60 years and older) living in the northern city of Jinzhou in Liaoning province, physical inactivity, which was found among 65% of the sample, was identified as one of the major factors associated with poor health-related quality of life. 45 In another large-scale study involving older Chinese veterans (n = 9676; median age = 82 years old) living in 18 Chinese cities, PA, even when performed at low intensity, was found to be inversely related to symptoms of depression. 46 PA has also been shown to be a protective factor for reducing health risks. For example, in a study of middle-aged and older adults (n = 28,946; mean age = 63 years old), moderate-to-vigorous activity was found to be associated with lower diabetes risk, especially among abdominally obese individuals. 47 Another study that involved older adults (n = 9245; mean age = 71 years old) living in rural areas in southern China showed that older adults who reported weekly PA of moderate-to-vigorous intensity had a reduced likelihood of suffering major chronic diseases. 25 
PA and social and built environments
There has been surprisingly little research focusing on the ways that social, built, and physical environmental factors might have affected patterns of PA as a result of economic reforms in China. These factors include urban sprawl (including the establishment of urban farms in large or mega cities), 8, 48, 49 poor environmental quality in urban areas, 13, 14 food safety issues, 50 and rapid but uncoordinated rural-to-urban development and migration patterns. 5, [51] [52] [53] In the absence of vigorous research studies, it is unclear to what degree social factors (e.g., community cohesiveness), the built environment (e.g., neighborhood walkability, accessibility, safety, open space), and physical environmental characteristics (e.g., terrain, air pollution) are related to the health of older Chinese adults.
To date, only a handful of studies have examined the relationship between neighborhood-level social and built environmental characteristics and various forms of PA in China. [54] [55] [56] [57] [58] Two such studies were conducted in Shanghai: one included older adults as part of the study population 57 and the other specifically focused on older adults. 58 In the study involving individuals between the ages of 15 and 75 years, 57 researchers examined the association between self-reported community walking activity and perceptions of neighborhood environments. One of the findings related to older adults was that those who perceived that their neighborhoods had easy access to local services were more likely to engage in walking for transportation purposes. Relationships were also found between other characteristics of neighborhoods (e.g., aesthetics, traffic, crime) and walking for either recreational or transportation purposes.
In the other cross-sectional study cited above, researchers examined whether perceptions of social and built environmental factors were related to self-reported leisure-time PA among older adults sampled from 47 neighborhoods. 58 Through multilevel analysis, the study showed that older adults who perceived their neighborhoods to have high social cohesion and who engaged in frequent neighborhood-based social activities tended to report higher levels (at least 150 min weekly) of leisure-time PA. Those who perceived that their neighborhoods had good walkability also reported higher levels of leisure-time PA. These findings suggest that it is important to provide opportunities for social activities and to create conditions conducive to walkability in order to increase the likelihood that older Chinese adults will engage in leisure-time PAs.
PA interventions
Compared to the number of studies conducted in North America and Europe, relatively few studies in China have evaluated exercise-based interventions specifically developed or tailored to address common health-risk lifestyle behaviors (e.g., physical inactivity) and chronic diseases (e.g., stroke, heart disease, diabetes) in older adult populations. The following section provides a brief overview of some published Chinese intervention studies that used either a quasiexperimental design or a true experimental design (i.e., a randomized controlled trial (RCT)).
Cognitive function
A few studies (see Lü et al. 35 for a review) have demonstrated the health benefits of exercise on brain and cognitive performance in either healthy older adults [59] [60] [61] or those with cognitive impairment. [62] [63] [64] [65] One early RCT examined the effects of 3 types of interventions-Tai Ji Quan, walking, and social interaction-on brain volume and cognition. 59 The study used a population-based sample of cognitively intact, communitydwelling older adults (aged 60-79 years) in Shanghai. A 40-week exposure to the interventions yielded results indicating that Tai Ji Quan was more effective than walking or social interaction in eliciting brain growth (i.e., growth in the volume of white and gray matter in relation to the total intracranial volume) and improving cognitive abilities (executive function).
Changes in brain neural activity and cognitive performance were also observed in a series of reports from a 6-week intervention study that examined the effects of a multimodal intervention, which included cognitive training, exercise, and counseling, on brain functional plasticity in healthy older adults. Specifically, the multicomponent intervention was able to (a) influence resting-state functional connectivity between the prefrontal cortex and medial temporal lobe of the brain, (b) modify regional intensity by enhancing the amplitude of low-frequency fluctuations in the middle frontal gyrus, superior frontal gyrus, and anterior cerebellum lobe, and (c) alter the local functional homogeneity of brain activity in the superior and middle temporal gyri and the posterior lobe of the cerebellum. 60, 66, 67 A more recent experiment shows that a 12-week-long exercise program of Tai Ji Quan or Ba Duan Jin (a form of Qigong exercise 34 ) resulted in increased functional connectivity between the bilateral hippocampus (a key region in memory function) and the medial prefrontal cortex (involved in the consolidation of memory). 68 These intervention-induced changes in brain activity were found to correlate with cognitive performance outcomes (e.g., executive function, memory, and attention). 60, 66, 68 Four studies targeting at-risk populations have examined the effects of exercise on older adults with cognitive impairment. [62] [63] [64] [65] Three RCTs explored whether an exercise intervention involving the use of a combined jogging and shadowboxing exercise, 62 momentum-based dumbbell training, 63 or handball training 64 would be effective in improving cognitive function among older adults with mild cognitive impairment. Findings from these studies generally indicated positive results in terms of the effects of exercise on improving global cognitive function. Another RCT evaluated the effect of moderateintensity aerobic exercise on elderly people with mild Alzheimer's disease. 65 The results from this 3-month intervention showed that, compared to those assigned to the control group, participants in the exercise group significantly improved in global cognitive function.
Osteoarthritis
In an RCT conducted by Zhu et al., 69 the researchers examined whether a specially tailored Tai Ji Quan exercise routine would improve gait and physical function outcomes among older Chinese women with clinically diagnosed knee osteoarthritis. Compared to those assigned to an educational control group, participants in the Tai Ji Quan group showed significant improvement in gait velocity, step length, range of motion, and physical function at the end of the 24-week intervention. The study findings were congruent with findings from trials conducted in the West, and it is notable that Zhu et al.'s study 69 represents the first intervention trial conducted in China that used a specifically designed Tai Ji Quan intervention.
Strength, balance, and physical function/mobility
Tai Ji Quan has been extensively studied as a modality for older adults to improve various physical outcomes. 34 Two Chinese RCTs, with training durations of 12 weeks 70 and 16 weeks, 71 respectively, yielded results showing that Tai Ji Quan training improved strength, balance, joint proprioception, range of motion, and gait outcomes among healthy communitydwelling older adults in Shanghai. Likewise, a non-RCT Tai Ji Quan study showed improved reaction time, balance, postural control, and flexibility in older male adults. 72 
Falls prevention
In a large-scale, community-level RCT, Xia et al. 73 evaluated the effectiveness of a multifaceted intervention (including components such as guidance on exercise, healthcare consultation, in-home hazard assessment, community-wide education, and assessment of fall risk factors) designed to reduce the incidence of falls among urban, community-dwelling older adults. At the end of Year 1 of the intervention, the study showed that, compared to those assigned to the control communities, older adults in the intervention communities had a significant reduction (about 64%) in their incidence of falls.
Diabetes and hypertension
In a study that examined the effect of a traditional Qigong exercise-Ba Duan Jin-on cognitive function among older adults with type 2 diabetes, it was reported that older adults who participated in the 12-month Ba Duan Jin intervention significantly improved their cognitive function compared to those assigned to a usual-care condition. 74 A community-based study conducted in Tianjin examined the effectiveness of a lifestyle intervention that targeted older adults (mean age = 60 years old) with diabetes and hypertension. 75 As part of intervention, participants engaged in moderate-intensity PA (defined as any activity involving between 3 and 6 metabolic equivalents and lasting at least 6 min). At the end of the 3-month intervention, participants in the intervention group significantly increased their total energy expenditure by 54.6 kcal/day and decreased their total dietary intake by 328.5 kcal/day compared to the control group. In addition, compared to the control group the intervention group improved on a number of biomarkers, including blood pressure, postprandial glucose, and hemoglobin A1c. These results indicate that a community-based lifestyle management intervention was able to produce short-term beneficial changes in activity, diet, and clinical outcomes among older adults with mild diabetes and hypertension.
Research gaps and needs
In the US and Europe, the health benefits of engaging in regular moderate and vigorous PAs and muscle-strengthening activities are now well established. The evidence has led to the development of worldwide PA guidelines for general populations, including older adults. [76] [77] [78] These guidelines, which are based predominantly on populations from developed countries, are of great public health importance in reducing physical inactivity and preventing diseases, but the extent to which they are generalizable and applicable to Chinese populations remains unclear. Given the vast differences between China's cultural history and that of other countries, and the unprecedented changes the country has experienced in urban growth and forms, lifestyle trends, and PA behaviors, the guidelines may well be inadequate or inapplicable.
This review and others appearing in this issue [34] [35] [36] indicate that epidemiological studies of PA that exclusively focus on older Chinese adult populations have been significantly limited in scope and volume. Those studies that do exist are largely fragmented, and many of them suffer from weaknesses in design and methodologies. China's rapid economic development has already generated significant economic and health disparities for the aging population, yet there is a significant lack of knowledge regarding its negative impact on various health-related outcomes in older adults. Areas where additional knowledge and research are needed include:
• Overall trends and patterns in various types of PA among older adult populations and subpopulations (e.g., "young old", "old", and "oldest-old" groups); • Relationships between PA and disease and all-cause mortality; • Determinants of and health risks associated with physical inactivity; • Development of guidelines specifically designed for Chinese populations recommending the amount, types, and intensity of PA needed to improve health; • Various correlates and/or determinants of social, physical, and built environmental factors that either facilitate or impede neighborhood-based PA; • Effects of urbanization and continual rural-urban migration on PA among older adults, especially among "empty nesters" who experience depression and loneliness; 7 • Influence of cultural, ethnic, and health-related differences on the acceptability and effectiveness of PA;
• Evidence of the efficacy/effectiveness and benefits of community-based exercise interventions targeting salient chronic disease conditions in older adults; • Effectiveness of exercise-based interventions in practice settings (e.g., clinics/hospitals, communities) and living settings (rural areas vs. urban areas); • Appropriate approaches to design, method, and implementation in PA epidemiology research on the aging Chinese population.
These research and knowledge gaps create significant barriers to addressing urgent public health needs and promoting PA among older Chinese adults. To narrow these gaps, a strategic research agenda should be developed, which aims at understanding the benefits of PA in promoting healthy lifestyles, ameliorating chronic health conditions, improving quality of life, and prolonging life independence among older adults. The following subsections describe some of the epidemiological and experimental research that is needed to advance the field of PA epidemiology and aging in China.
Tracking PA prevalence and trends
There is a need to establish a national PA and health risk tracking (surveillance) system for China that allows for the systematic study of PA epidemiology to better understand the prevalence of and trends and patterns in PA in the population, as well as the relationship between PA and health and disease. Like the behavioral risk factor surveillance system used in the US, 79 it would allow for identification of patterns and trends regarding the mode (walking, Tai Ji Quan, dancing); domain (leisure-time, transportation, household); and frequency, duration, and intensity of activity participation. 80 Information collected from such a system would help us understand not only general PA patterns across groups (e.g., by age and socioeconomic status) and settings (i.e., urban, suburban, rural) but also their relationships to health factors. This information could be used to develop guidelines that inform policymakers, physical educators, healthcare providers, and the public on the amount, types, and intensity of PA needed to achieve health benefits, as well as recommend community-based interventions that are useful in promoting healthy aging.
Many of the studies on PA and aging in China conducted to date have used cross-sectional designs and self-report assessments of PA. Research needs to go beyond cross-sectional survey studies by adopting longitudinal or prospective designs. Such an approach would allow PA trajectories to be examined over a period of time in order to establish the time-sequence in which PA occurs and to identify personal, social, and built environmental characteristics that are related to various patterns of change in PA. This information is especially important for addressing public health issues that accompany continued growth in urbanization and motorization and that are related to increases in lifestyle risk factors (smoking, obesity/overweight, physical inactivity) associated with an aging population.
2
Valid assessment of PA is essential in research on this topic because it can provide information on population trends and patterns of PA or inactivity, as well as gauge the efficacy or effectiveness of exercise, PA, and interventions used to increase PA. The use of self-reported PA questionnaires in population studies threatens their validity because this type of measure introduces the potential for error and recall bias. Although objective measuring devices for movement activity (e.g., global positioning systems, pedometers, accelerometers) cost more to use than self-report measures, they increase data validity and can be used to better quantify the association between PA and health outcomes, dose-response associations, longitudinal trends, and the effects of public health interventions intended to increase a population's level of PA.
Understanding correlates and determinants of PA across settings and at various contextual levels
Creating a friendly and active community living environment for older Chinese adults aging in place should be a high priority for the Chinese government.
2 Despite the significant transformations in urban forms, research has lagged behind these changes in terms of determining the impact of social, physical, and built environments on PA among older adults. Although a few studies have examined younger populations in the Mainland of China 81 and populations living outside the Mainland of China (e.g., in Taiwan, China, 82 and Hong Kong, China 83, 84 ), little empirical evidence has been gathered from studies using mainland populations of community-living older adults. There is enormous potential for Chinese researchers to fill the knowledge gap in this area.
From a public health perspective, it is important to understand and delineate specific social and environmental correlates (factors associated with activity) and/or determinants (those with a causal relationship) of PA, 85, 86 including factors associated with popular activities such as walking or cycling, 87 so that interventions can be developed that target level-specific factors contributing to increased PA in older adults. Ecological-based theories 88, 89 suggest that PA is influenced by multiple impeding and facilitating factors at various levels, 87, 90, 91 including individuals (e.g., health status, intention, self-efficacy, attitudes), neighborhood social structures (e.g., social support, social capital, cohesion and engagement, neighborhood socioeconomic status), and characteristics of the built environment in the context of Chinese urban design 53 where PA, including walking, occurs (e.g., the prevalence of parks and green spaces, shopping areas, walkability, accessibility, aesthetics, safety from traffic and crime). [90] [91] [92] [93] Such a conceptual perspective is intrinsically multilevel; that is, factors that influence PA need to be viewed as simultaneously operating at the individual level and at the community/organizational level, as well as across levels of a hierarchy (e.g., cross-level interaction effects between variables at different levels). These factors could be further applied at the micro and macro levels across settings (i.e., rural, suburban, and urban), thus yielding even more useful information for the design of multilevel healthpromotion interventions.
Surveys have shown that PAs among older Chinese adults primarily take place in outdoor settings in immediate living environments (e.g., parks, streets, and neighborhoods), 43, 44 which makes the community context a unique setting in which to study and promote PA in this population. 90 However, little attention has been paid to the impact of environmental modifications brought about by urbanization on older adults' PA behaviors. For example, we know little about the association between community-built environmental features and levels of PA, including walking, among older Chinese adults. Examples of these features include parks and open spaces (and the exercise equipment at these locations), street connectivity and density of intersections, and access to public transportation, grocery stores, and sidewalks. Both qualitative and quantitative studies are needed in order to understand how these features can help create friendly and livable community environments that are conducive to walking and biking and that maximize the opportunities for outdoor PA by older adults with varying physical abilities and with various medical or health conditions.
Walking is one of most purposeful activities reported by older adults. 43, 44 However, with China's increased urbanization and resulting urban density, along with its rapid expansion of road infrastructure for motorization, the country is slowly drifting away from its traditional pedestrian-and bicycleoriented forms of transportation, 48 which means that residents of many neighborhoods now predominantly use motor vehicles or public transportation (e.g., rail transit, buses). 49 If this trend continues, non-motorized active transportation behaviors 94 will likely be discouraged or made extremely difficult. Therefore, research is needed to determine the extent to which the change from traditional to contemporary urban forms influences the degree to which older Chinese adults use either walking or cycling as a type of PA for sport, recreational, or utilitarian purposes.
Given the continually worsening situation involving air quality, research is urgently needed to determine the demarcation point at which the level of ambient air pollution increases or attenuates health risks in relation to walking or biking for either leisure or utilitarian purposes. 12 Studies using the geographic information system (GIS) and remote sensing technologies are needed to identify seasonal and timesensitive geographic locations (i.e., hot-spots) where high levels of air pollution may exacerbate negative health consequences when walking or biking. This information can subsequently be used to inform public health efforts to improve living environmental conditions and encourage healthy engagement in outdoor PA.
Research is also needed to examine how changes and transitions brought about by rapid urbanization and rural-to-urban migration may have impacted or modified PA behaviors among older adults with different chronic disease conditions, especially among those living in rural areas where high mortality 95, 96 and inequalities in health and healthcare resources 2,4 have been reported. This research should focus on examining environmental influences on PA among older adults with chronic conditions as they relate to living environments (e.g., senior living facilities vs. community-based neighborhoods, rural vs. urban settings). This is an important research area of high public health significance because it can help us understand the relationship between living environments and levels of PA, thus assisting us in determining how healthcare resources should be prioritized and how interventions might be tailored for older adults living in different settings.
Developing and evaluating interventions
In recent years, the overall number of exercise-based intervention studies in China has increased significantly. Nevertheless, the number of well-designed and carefully conducted RCTs that address important public health issues remains low. These issues include (1) the prevalence of chronic diseases, 4, 7, 97 (2) falls and fall-related injuries, 98 (3) poor lifestyle behaviors including physical inactivity, 2 and (4) the health benefits of PA in older adults. As a result, very few rigorously tested exercise interventions have been identified that can be appropriately used and widely disseminated in efforts to reduce health risks and improve the health of China's aging population.
To prevent and reduce chronic disease and improve the quality of life of older Chinese adults, there is an urgent need to develop exercise interventions and rigorously evaluate them through well-designed RCTs. Such interventions are needed to establish a coordinated public health approach encompassing 3 levels: (1) preserving health and preventing physical inactivity among disease-susceptible older adults (primary prevention), (2) restoring health and reducing the severity of disease through prompt intervention (secondary prevention), and (3) minimizing disease-related suffering, limiting the degree of disability, and promoting PA in people with chronic diseases (tertiary prevention). 99 Efficacy (or explanatory) trials of exercise interventions are often carried out under tightly controlled or optimal conditions with carefully selected populations. This means that the interventions may be less effective when implemented in real-world settings. Therefore, a pragmatic approach is needed to make these efficacy-based interventions work in community and clinical practice. Two recent studies serve as positive examples: a community-based trial that examined a multifaceted fallprevention intervention for older Chinese adults 73 and a study examining a community-based individualized lifestyle intervention for older adults with diabetes and hypertension. 75 Results from these types of trials are more likely to be generalizable to their intended populations.
There is an equally important need to evaluate the costeffectiveness of evidence-based interventions. Cost information is imperative from a policy-making standpoint. Policymakers and healthcare planners and providers must have accurate cost information in order to choose programs that have been shown to be clearly beneficial. Accurate cost-effectiveness information can reduce the demand for expensive medical care for treatment of chronic diseases and improve the quality of life among vulnerable older adults.
Enhancing scientific rigor in research design and methodologies
A large majority of the published studies from China suffer from poor research designs and methodologies, including issues related to the use of non-experimental designs, low response rates, improper use of the unit or level of analysis, lack of proper control for confounders, small sample sizes, unpowered or underpowered studies stemming from a lack of pilot work, multiple outcomes that are not specified a priori, and multiple statistical testing. Rigorously designed studies are needed to enhance the internal and external validity and generalizability of the study findings and to provide a high standard of evidence that can be used in developing public health policies and initiatives and in making clinical decisions. 100 More population-based cohort studies are needed in order to understand the patterns and correlates of PA in older Chinese adults. In particular, longitudinal designs with repeated measures of PA outcomes over time are needed. Additionally, time-varying factors (e.g., perceived health, body weight), which can change value over the course of the observation period, and invariant factors (e.g., gender, education), which remain constant over the course of observation, should be used as covariates to examine change in PA. Given the multilevel influences of individual-and community-level variables, a multilevel analytic framework is needed to take into account within-and between-level changes in PA.
Intervention studies that use RCT designs 101 are strongly recommended in evaluating the efficacy and effectiveness of an exercise intervention. These studies should seek to answer questions of high public health importance (e.g., whether the intervention is effective in reducing the health burdens brought on by high-priority diseases, such as stroke, ischemic heart disease, and respiratory diseases). 6 They should also (1) have specifically targeted populations (e.g., sedentary older adults or those with chronic disease conditions for which the intervention can have a meaningful impact), (2) have carefully considered outcome measures that are well defined, reliable, and valid (e.g., that can be assessed with objective measures), (3) be fully randomized (at either the individual or group level), (4) be sufficiently powered, and (5) have planned analyses, with intent to treat, on pre-planned primary and/or secondary outcomes. Studies that test the sustainability of the intervention over the long term are also needed.
Multidisciplinary research
To gain a more complete understanding of the multiple influences that affect PA levels in older adults, a multidisciplinary research approach is encouraged. Exercise and PA researchers, public health practitioners, health education/epidemiology experts, health economics specialists, civic planning/urban design/transportation professionals, and GIS technologists need to work together to identify economic, biological, demographic, physical, built-environmental, and socialpsychological factors that either facilitate or hinder PA among older Chinese adults. Fostering multidisciplinary research will enhance knowledge in the field and lead to the integration of theory and practice in the field of exercise and PA. The end result will offer improvement in the identification of effective interventions for preventing chronic disease and lessening health risks, better implementation policies and strategies, improvements in health and healthcare at the population level, and reductions in healthcare costs.
Conclusion
With China continuing on its path toward stabilizing economic reform and expanding urbanization, there is a significant lack of epidemiological studies related to PA among the population of older Chinese adults. Insufficient attention has been given to the development and evaluation of PAs and exercise interventions that will meet the public health needs of this fast-growing population group. These unmet needs and challenges call for an accelerated effort in the fields of PA epidemiology and aging. Such an effort will promote epidemiological studies that address the health benefits of PA and will ultimately inform policy initiatives and preventive strategies aimed at reducing the disease burden and promoting healthy aging in China.
